Matrix (M) proteins reportedly direct the budding of paramyxoviruses from infected cells. In order to begin to characterize the assembly process for the highly lethal, emerging paramyxovirus Nipah virus (NiV), we have examined the budding of NiV M. We demonstrated that expression of the NiV M protein is sufficient to produce budding virus-like particles (VLPs) that are physically and morphologically similar to NiV. We identified in NiV M a sequence, YMYL, with similarity to the YPDL late domain found in the equine infectious anemia virus Gag protein. When the YMYL within NiV M was mutated, VLP release was abolished and M was relocalized to the nucleus, but the mutant M proteins retained oligomerization activity. When YMYL was fused to a late-domain mutant of the Ebola virus VP40 matrix protein, VP40 budding was restored. These results suggest that the YMYL sequence may act as a trafficking signal and a late domain for NiV M.
Since its identification in 1998 to 1999, Nipah virus (NiV), a member of the family Paramyxoviridae, has been associated with several outbreaks of fatal viral encephalitis in humans in Southeast Asia (9) . The first and largest NiV outbreak occurred in Malaysia, where a mortality rate of approximately 40% was reported. Greater than 70% of cases of Nipah virus encephalitis in India in 2001 and Bangladesh from 2001 to 2004 were fatal, and spread of the virus from human to human was suspected (8, 21, 25) . In the Malaysian outbreak, pigs appeared to be an intermediate host between the flying fox, the natural reservoir of NiV (10) , and humans, but in the Bangladesh and India outbreaks, no pig intermediary was found. Because of its lethality in humans and its ability to infect pigs and other domesticated animals, including cats and dogs (9, 15) , NiV is a threat to both agriculture and public health.
Although much of its biology remains underexplored, important inroads to understanding of this virus have been made. Two cellular receptors, ephrins B2 and B3, that mediate viral entry have been identified (6, 40, 41) , and a number of groups are making progress in identifying the requirements for viral and host cell membrane fusion (1, 7, 14, 45) . In addition, the viral replication complex has been analyzed (20) , and NiVencoded inhibitors of host interferon responses have been identified and characterized (47, 51, 52, 59, 60) . However, details regarding the mechanisms of NiV assembly and egress are relatively poorly understood.
Paramyxoviruses replicate in the cytoplasm of infected cells, and newly produced virions are released from the plasma membrane (31) . The viral matrix protein (M) is considered to play a critical role in paramyxovirus assembly and appears to be the driving force for virion budding (reviewed in reference 65). In general, paramyxovirus matrix proteins are nonintegral, membrane-associated proteins which interact with the nucleocapsid and the cytoplasmic tails of the integral membrane proteins G and F (55, 63) .
One feature common to many enveloped viruses is the presence of a viral late assembly domain. Late domains were described first for the Gag proteins of the retroviruses human immunodeficiency virus type 1 (HIV-1) and Rous sarcoma virus (RSV) (19, 26, 69, 71) and later for negative-strand RNA viruses including vesicular stomatitis virus (VSV) and Ebola virus (EBOV) (13, 22, 23, 37) . They are regions within viral proteins that interact with cellular factors, allowing the virus to utilize host cell machinery to facilitate the final "pinching-off" step of viral budding (reviewed in references 17 and 39) . Several late domains have now been defined. These include the HIV-1 and RSV late domains, which conform to the consensus P(T/S)AP and PPxY, respectively (26, 71) ; the retrovirus equine infectious anemia virus (EIAV) late domain, consisting of the sequence YPDL; and the first paramyxovirus late domain to be defined, FPIV, which is found in the parainfluenza virus 5 (SV5) matrix protein (56) . Although different late domains mediate interactions with different cellular proteins, the interaction between late domain and host cell factor appears to allow the viral protein to usurp the functions of the cellular multivesicular body (MVB) machinery to facilitate viral egress (reviewed in references 17 and 39).
We present in this report evidence that the matrix protein of Nipah virus can bud from transfected cells in the absence of other viral proteins, yielding virus-like particles (VLPs). Based upon similarity to the YPDL late domain of EIAV, we mutated the NiV matrix protein sequence 62 YMYL 65 and assessed the impact of these mutations on M protein-driven VLP budding. These mutations were found to abolish budding and to alter the intracellular distribution of the matrix protein without detectably affecting the ability of the matrix protein to interact with itself, suggesting a role for this sequence in matrix protein intracellular trafficking and/or virus budding. When the YMYL sequence was appended to the carboxy-terminal end of a mutant Ebola virus VP40 protein lacking a functional late domain, budding of the VP40 mutant was restored, whereas a mutant version of this sequence (AMYA) similarly fused to the mutant VP40 failed to complement the budding defect. These data suggest that the YMYL sequence may act as a late domain for NiV M.
MATERIALS AND METHODS
Cells and expression plasmids. HEK 293T and MDCK-II cells were maintained in Dulbecco's modified Eagle medium (Gibco) supplemented with fetal bovine serum at 10% and 4%, respectively.
The Nipah virus M cDNA was constructed by PCR using overlapping deoxyoligonucleotides corresponding to GenBank accession number NC_002728. NiV M was then hemagglutinin or FLAG tagged at the amino terminus and subcloned into the pCAGGS mammalian expression plasmid. The YMYL mutants were generated using the QuikChange II site-directed mutagenesis kit (Stratagene, La Jolla, CA). Site-directed mutagenesis was used to delete the nucleotides corresponding to the PTAPPEY sequence in EBOV Zaire (Mayinga strain) VP40. The PTAPPEY and YMYL sequences were fused directly to the carboxy terminus of EBOV VP40 ⌬PT/PY by PCR. Subsequently, all constructs were subcloned into the pCAGGS expression plasmid.
VLP budding assay. HEK 293T cells were transfected with 3 g of expression plasmid by using Lipofectamine 2000 (Invitrogen, Carlsbad, CA) as outlined in the manufacturer's protocol. At 48 hours posttransfection, the transfected cell culture medium was harvested and clarified by centrifugation at 200 ϫ g for 5 min. The culture supernatant was passed through a 20% sucrose cushion in NTE buffer (100 mM NaCl, 10 Protease protection assay. Tosylsulfonyl phenylalanyl chloromethyl ketone (TPCK)-treated trypsin (Sigma-Aldrich) was added at a final concentration of 2 g/ml to HA-tagged NiV M VLPs and at 0.1 mg/ml to EBOV VP40 VLPs (as previously described [29] ) in the absence or presence of Triton X-100 detergent (1% final concentration). The samples were then incubated at 37°C for 1 h and analyzed by SDS-PAGE and Western blotting with anti-HA or anti-VP40 monoclonal antibodies.
Electron microscopy. NiV or EBOV VLPs were added to 300-mesh copper grids coated with carbon film (Electron Microscopy Sciences, Hatfield, PA) at room temperature and negatively stained with 1% phosphotungstic acid, pH 7.0. Electron microscopy studies were performed on a Hitachi H7000 transmission electron microscope.
Immunofluorescence microscopy. MDCK-II cells were transfected in suspension with the indicated HA-tagged NiV M expression plasmid by using Effectene transfection reagent (QIAGEN, Valencia, CA) as outlined in the manufacturer's protocol and were grown on glass coverslips coated with 0.01% polyLlysine (Sigma-Aldrich). At 24 hours posttransfection, the cells were fixed with 4% paraformaldehyde. They were stained with Hoechst nuclear dye 33342 (0.1 g/ml; Molecular Probes, Eugene, OR) and probed with anti-HA antibody. After incubation with an AlexaFluor-568-conjugated secondary antibody (Molecular Probes, Invitrogen), they were mounted on slides with VectaShield mounting medium (VectorLabs, Burlingame, CA). Images were acquired with a Zeiss AxioPhot2 microscope. Quantification of NiV M localization in MDCK cells was performed by choosing a random field of transfected cells and scoring protein expression as nuclear, cytoplasmic, or both.
Immunoprecipitation. 293T cells were transfected with the indicated plasmids by using Lipofectamine 2000. At 24 hours posttransfection, transfected cells were lysed in immunoprecipitation lysis buffer (50 mM Tris [pH 7.5], 150 mM NaCl, 0.5% NP-40, 1 mM EDTA [pH 8.0]) supplemented with 1 mM dithiothreitol, 5 mM sodium orthovanadate, and protease inhibitor cocktail (Complete; Roche). Lysates were incubated with anti-FLAG beads (Sigma-Aldrich) at 4°C for 2 h with gentle agitation. After washing, the precipitated proteins were resolved by SDS-PAGE and analyzed with anti-HA antibody. Whole-cell extracts were also analyzed by Western blotting with anti-HA and anti-FLAG antibodies.
RESULTS

Nipah virus M is sufficient to form budding virus-like particles.
The matrix proteins of Ebola virus, human parainfluenza virus type 1, Sendai virus, and other viruses can form budding VLPs following their transient expression (12, 54, 64, 67) . In order to determine whether Nipah virus matrix protein can also bud in the absence of other viral proteins, HEK 293T cells were transfected with expression plasmids encoding GFPor HA-tagged NiV M protein alone or in combination with NiV G and F plasmids. The culture medium was collected at 48 hours posttransfection, and putative VLPs were then purified by being pelleted through a sucrose cushion by ultracentrifugation. Western blotting revealed the presence of NiV M, at roughly 40 kDa, in particles isolated in this manner (Fig. 1a) . This suggested that NiV M can bud from the cell surface in the presence as well as the absence of other Nipah virus structural proteins.
To determine whether the M protein in the purified culture medium was within a membrane-bound particle, the VLPs from M-transfected cells were treated with trypsin in the presence or absence of Triton X-100 detergent (Fig. 1b) . The detergent will dissolve lipid membranes that may protect the M protein within the VLPs from protease digestion (70) . In the samples treated with trypsin alone, significant digestion of M was not detected. In contrast, when VLPs were treated with both trypsin and Triton X-100, M was completely degraded. As a control, Triton X-100 treatment alone did not affect the amount of M protein in the VLPs. These data strongly suggest that the NiV M within the VLPs is enclosed by a lipid membrane that protects it from protease digestion. Finally, the VLPs were analyzed by transmission electron microscopy to determine if their morphology was similar to that of NiV ( Fig. 1c and d ). VLPs were generated by transfection of HA-tagged NiV M alone or with the two glycoproteins, G and F. That G and F are expressed from these plasmids is supported by our observation that cotransfection of these G and F plasmids is sufficient to mediate cell-cell fusion (data not shown) and by the presence of spikes on the surface of the VLPs, as detected in electron micrographs of the VLPs (Fig.  1d) . The electron micrographs show representative VLPs consisting of NiV M (Fig. 1c) and NiV M with G and/or F spikes (Fig. 1d) . Nipah virus is a pleiomorphic virus ranging in size from 50 nm to greater than 600 nm in diameter (27) , and our purified VLPs ranged in size from 100 to 600 nm. The surface of the NiV M VLPs was smooth, while the VLPs produced by coexpression of NiV M, G, and F have spikes on their surface that presumably consist of surface glycoproteins. Their appearance is very similar to previously published images of NiV (27) , indicating that these budding particles are an appropriate model for the analysis of NiV budding.
Budding of Nipah virus M is dependent on an YxxL sequence. Analysis of the amino acid sequence of NiV M reveals that there is a tyrosine-based sequence, 62 YMYL 65 , similar to the YPDL late domain (consensus, YxxL) described for EIAV Gag (49) . To address the importance of this putative late domain in NiV budding, three HA-tagged NiV M mutants were generated based on mutations made to EIAV Gag: one with a deletion of the YMYL tetrapeptide (⌬YMYL) and two point mutants, Y62A and Y62A/L65A (Fig. 2a) . 293T cells were transfected with each of the three mutants, and the budding assay described above was performed. The wild-type HA NiV M was included as a positive control for budding, and GFP was included as a negative control. The Y62A mutant was expressed as well as the wild type, whereas ⌬YMYL and Y62A/L65A were present in cell lysates at somewhat lower levels than the wild type or Y62A (Fig. 2b) . Interestingly, all three mutants, regardless of expression level, were completely deficient in terms of budding, with no M protein detectable in the purified supernatant (Fig. 2b ). This suggests a role for the YMYL sequence in the budding process of the matrix protein.
The NiV M YMYL mutants display aberrant subcellular localization. The localization of the M mutants was next analyzed in an attempt to explain the budding deficiency of the YMYL mutants. Representative data from MDCK cells transfected with HA-tagged NiV M constructs and 293T cells transfected with GFP-NiV M fusion constructs are shown in Fig. 3a . Note that the GFP-wild-type M fusion also buds efficiently from transfected cells (data not shown). In the MDCK cells, where anti-HA antibody was used to detect NiV M, wild-type NiV M expression was cytoplasmic with predominance at the plasma membrane (top row). Surprisingly, the ⌬YMYL mutant (bottom row) localized almost exclusively in the nucleus, with very little protein, if any, in the cytoplasm. NiV M Y62A (second row from top) was expressed mostly in the cytoplasm like wild-type M, but some protein did localize to the nucleus. NiV M Y62A/L65A (third row from top) localized in both the nucleus and the cytoplasm. We quantified NiV M's localization in the MDCK cells by counting 100 M-expressing cells for each construct and scoring each cell as having only nuclear, only cytoplasmic, or a combination of nuclear and cytoplasmic M staining (Fig. 3b) . A similar picture was seen for the 293T cells, where the GFP signal was used as a marker of GFP-M localization (Fig. 3a, right column) . The wild-type M sequence yielded a largely plasma membrane localization, and the ⌬YMYL mutant was completely nuclear. In contrast, the Y62A and Y62A/L65A mutants displayed a combination of cytoplasmic and nuclear GFP (Fig. 3a) . It would thus appear that there is a spectrum of relocalization, from completely cytoplasmic (wild type) to completely nuclear (⌬YMYL), while Y62A and Y62A/L65A display an intermediate phenotype with expression in both subcellular compartments. The exclusive nuclear localization of the ⌬YMYL mutant can explain the absence of budding by this mutant. However, the Y62A mutant retains substantial cytoplasmic localization, arguing that this mutant fails to bud for alternate reasons. These data also suggest a role for the YMYL sequence in the intracellular trafficking of NiV M to the plasma membrane.
NiV M and the YMYL mutants form oligomers. Matrix proteins are often membrane associated (55, 63) and also form oligomers as the virus buds from the cell (44, 53, 58, 66) . One trivial explanation for the abolished budding of the NiV M mutants would be an inability to oligomerize, allowing a relatively small monomeric M to diffuse through the nuclear pore.
We therefore assessed, by coimmunoprecipitation, the selfassociation of wild-type and mutant M proteins. FLAG-and HA-tagged cDNA constructs of the wild-type and the mutant M genes were generated and transfected into 293T cells (Fig.  4) . FLAG NiV M was immunoprecipitated with anti-FLAG antibody, and Western blotting was performed with anti-HA antibody. The HA-tagged constructs coimmunoprecipitate with those that are FLAG tagged, indicating that each of the mutants retains the ability to interact with itself (Fig. 4) . Additionally, FLAG-wild-type M was cotransfected with each of the HA-tagged YMYL mutants, immunoprecipitations were performed, and the pellets were blotted with anti-HA antibody. By this method, it was found that each mutant efficiently coprecipitated with wild-type M (data not shown). These data provide evidence that wild-type and mutant M proteins oligomerize, as would be expected of a matrix protein, and that the YMYL mutants' nuclear localization is not due to their failure to oligomerize.
YMYL can complement the budding defect of an Ebola virus VP40 protein late-domain mutant. Because of its resemblance to the EIAV late domain and because of the budding defects of the YMYL mutants described above, we investigated whether the YMYL sequence of NiV M could replace the late-domain function of another matrix protein, EBOV VP40. We generated a previously described budding-deficient mutant of VP40 in which its two overlapping late domains (PTAPPEY) were deleted (⌬PT/PY) (32) (Fig. 5a ). Others have demonstrated that late domains can function in a position-independent manner and that transfer of the Ebola virus VP40 late domains to the carboxy terminus of the ⌬PT/PY mutant can restore its budding (28, 32) . We therefore fused the VP40 late-domain sequence PTAPPEY and its flanking amino acids to the carboxy terminus of the VP40 ⌬PT/PY mutant (rPT/PY), or we fused the NiV M YMYL alone or with flanking sequences to the mutant VP40 (rYMYL and rYMYL with flanking sequences) (Fig. 5a ). When assayed for expression in cell lysates, each of the constructs was expressed, although the constructs with NiV M sequences (rYMYL and rAMYA) accumulated in the lysates to lower levels than did the constructs containing only VP40 sequences ( Fig. 5b and 5c ). In the Western blots, VP40 appears as a doublet, as has been described previously (22, 29) . It was also noted that those constructs in which additions were made to the carboxy terminus of VP40 (constructs rPT/PY, rYMYL, rYMYL w/flanking, and rAMYA) consistently migrated faster than did the VP40 deletion mutants (Fig. 5b and c) . The ⌬PT/PY mutant of VP40 budded with greatly reduced efficiency, as expected, and the fusion at the carboxy terminus of the VP40 late domain along with flanking sequences restored budding of VP40 to levels equal to or higher than that of the wild type (Fig. 5b) . Budding was also restored when the NiV M YMYL sequence alone or the tetrapeptide plus its flanking amino acids were fused at the carboxy terminus of ⌬PT/PY VP40 (Fig. 5b) . A mutant version of YMYL (AMYA), which when introduced into NiV M abolished its budding (Fig. 2) , was then appended to the carboxy terminus of ⌬PT/PY VP40 (VP40 rAMYA). In this context, the VP40 budding defect was retained (Fig. 5c) . Interestingly, the sequence AMYL, which also abolished budding by NiV M (Fig. 2) , was able to restore budding of the mutant VP40 (data not shown). We speculate that the functional difference between the AMYL mutant NiV M protein and the ⌬PT/PY VP40 rAMYL protein may reflect the presence in NiV M of competing nuclear localization and budding signals. In the case of VP40, for which nuclear localization has not been described, the absence of the second signal may allow a weakened budding motif to still function.
To further authenticate the budded material as VLPs, we analyzed the ability of the protein within the VLPs to be protected from protease digestion. In the absence of Triton X-100, VP40 in the VLPs is largely resistant to trypsin treatment (Fig. 5d) . However, when trypsin and Triton X-100 were added together, VP40 was digested completely, indicating that these were membrane-bound particles (Fig. 5d) . Further, VLPs were analyzed by electron microscopy (Fig. 5e) . Wildtype VP40 displayed the classic filamentous morphology of Ebola virus particles, as did all of the budding chimeric proteins (Fig. 5e) . Based on these cumulative data, not only does the NiV M sequence YMYL appear to influence the subcellular localization of NiV M, but it may also function as a late domain.
DISCUSSION
Our data demonstrate that expression of NiV M is sufficient to yield budding VLPs, and the addition of expression plasmids encoding the viral glycoproteins G and F did not detectably alter release of VLPs. Following standard criteria for VLP isolation, the particles could be pelleted through a sucrose cushion, consisted primarily of membrane-bound M protein as deduced by trypsin digestion of M in the presence but not the absence of detergent, and displayed NiV-like morphology by electron microscopy. The ability of NiV M protein to bud in the absence of other viral proteins is a property shared with some but not all paramyxoviruses. For example, expression of the matrix protein alone results in the budding of VLPs for Sendai virus (54, 64) and human parainfluenza virus type I (12) . NiV M also shares this property with the matrix proteins of the nonsegmented negative-strand RNA viruses Ebola virus (67) and VSV and with the Gag proteins of the retroviruses RSV (3, 70) and HIV-1 (18, 61) . In contrast, other paramyxovirus M proteins, such as that of SV5, do not efficiently bud on their own and require additional proteins (for example, the nucleocapsid in addition to the matrix protein) to form budding particles (57) .
In an effort to understand the requirements for NiV M budding, we mutated the sequence 62 YMYL 65 in NiV M protein because it resembles the YxxL sequence previously defined as a late domain in equine infectious anemia virus (49, 50) . Mutation of this sequence resulted in two dramatic phenotypes. First, the Y62A and Y62A/L65A mutations, or deletion of the entire motif, completely abrogated NiV M budding (Fig. 2) . Although the absolute level of expression of each mutant varied, each was expressed at levels comparable to those of the wild type, and in fact, the Y62A mutant was expressed to levels equal to those of wild-type M. Thus, loss of budding activity does not simply reflect altered levels of expression. Although the NiV YMYL was initially mutated based upon its resemblance to the EIAV late domain, the complete loss of detectable M budding is somewhat unique. For example, among the matrix proteins of nonsegmented negativestrand RNA viruses, disruption of late domains has been reported to have a profound but not an absolute impact on budding. Ebola virus VP40 matrix proteins with mutated late domains are compromised in their ability to bud and have reported VLP budding efficiencies reduced to as little as 1% of the wild-type level but are not absolutely "dead" (32) . Similarly, VSV M mutants lacking late domains budded at 30% of wild-type M levels (23) , and mutations that disrupted the late domain of SV5 M decreased VLP release to 5% of wild-type levels (56) . Interestingly, such mutations when built into the context of a complete virus suggest that late-domain function is important but is not essential for virus growth. For example, Ebola virus mutants lacking late domains were only modestly attenuated in cell culture, reaching maximum titers approximately 10-fold lower than those of wild-type virus (42) . Latedomain mutant VSV recombinants displayed similar growth defects (28, 30) . In contrast, a mutant SV5 with a proline-toalanine mutation in its FPIV late domain replicated very poorly and readily gave rise to second-site revertants that restored budding function (56) .
The second dramatic phenotype, the relocalization of NiV M mutants away from the plasma membrane and into the nucleus, may contribute to the mutants' complete loss of budding. The ability of the mutants to accumulate in the nucleus, which was most dramatically seen with the ⌬YMYL mutant, suggests the presence of competing trafficking signals within NiV M. Alternatively, mutation of YMYL could unmask a latent nuclear localization signal. One can postulate that in the absence of a strong signal directing M protein to the budding machinery, the second signal (e.g., a nuclear localization signal) further impairs NiV M release. Mutation of late domains has not, to our knowledge, been previously noted to redirect localization of viral proteins to the nucleus. This was true even of a VSV M late-domain mutant (with a proline-to-alanine mutation), which remained concentrated at the plasma membrane despite the fact that VSV M is known to enter the nucleus (35 (38) . Given the presence of a similar Yxx⌽ within the cytoplasmic tail of NiV F protein, it will be interesting to determine if these signals facilitate the basolateral localization of the M and F proteins and therefore the site of their putative interaction during viral assembly. Whether wild-type NiV M protein shuttles in and out of the nucleus remains unclear. Paramyxoviruses replicate in the cytoplasm of infected cells, and thus the role of a transiently nuclear M protein is not obvious. It is notable that the M protein of the paramyxovirus Newcastle disease virus localizes to the nucleus following expression of M alone or following virus infection; however, a function for nuclear Newcastle disease virus M has not been established (11, 16, 48) . The VSV matrix protein also is present, in part, in the nucleus (35) and can inhibit host cell transcription and host cell nuclear transport functions (2, 4, 24, 68) . Whether wild-type or mutant NiV M can influence host cell nuclear functions remains to be addressed.
Our hypothesis that NiV M protein's YMYL sequence might function as a late domain is supported not only by the budding defect displayed by mutated M proteins but also by the ability of the YMYL sequence to complement the budding defect of an Ebola virus VP40 late-domain mutant (Fig. 5) . Our VP40 complementation assay takes advantage of reports illustrating that late domains are interchangeable and can function independently of their position within the protein (28, 46) ; thus, we can demonstrate late-domain function of YMYL by fusing it to the C terminus of EBOV VP40 ⌬PT/PY. As noted above, late domains mediate interaction between viral proteins and host proteins involved in vacuolar protein sorting and cellular MVB function. Thus, the EIAV Gag protein has been reported to interact in a YxxL-dependent manner both with AP-2, a component of the clathrin-associated adapter complex, and with AIP-1/ALIX, which functions in MVB vesicle formation (36, 49, 50) . Similarly, several viral proteins possess P(T/S)AP late-domain motifs that recruit ESCRT complexes to the site of budding through interaction with Tsg101. These include the HIV-1 Gag p6 domain (37), the Ebola virus matrix protein VP40 (22, 32, 37) , the VSV matrix protein (13, 23) , and the Z (RING) proteins of lymphocytic choriomeningitis virus and Lassa virus (62) . A second prolinerich late-domain motif, PPxY, first discovered in RSV Gag p2b domain but also present in the Ebola virus VP40, interacts with the Nedd4-like ubiquitin ligase, which also influences MVB function (22, 46) . Finally, the only paramyxovirus virus late domain identified thus far has been the FPIV sequence within the SV5 M (56) . Although a specific cellular interaction partner remains undefined, a dominant-negative form of Vps4A, expression of which is known to disrupt MVB formation, inhibited SV5 budding (56) . The ability of the YMYL sequence within NiV M to mediate interactions with cellular MVB components will be an important follow-up to its ability to complement the VP40 late-domain defect.
Analysis of the matrix protein sequences of other paramyxoviruses shows that measles virus, Sendai virus, and J virus matrix proteins all have sequences similar to YMYL at their amino termini. Such sequence conservation between viruses suggests functional importance. Of note, Hendra virus, the closest known relative to Nipah virus, has the sequence YMYM at this position, but this sequence has not been assayed for functions like those attributable to YMYL. The intracellular trafficking of M and the signals that control this will undoubtedly be important to our understanding of NiV pathogenesis, and the identification of sequences essential for viral release may suggest novel strategies for antiviral therapeutics.
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